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results. A total of 39,282 (23.0%) of the postoperative patients discharged to skilled nursing facilities had indwelling urinary catheters. After adjusting for patient characteristics, the patients with catheters had greater odds of rehospitalization for UTI and death within 30 days than patients who did not have catheters. The adjusted odds ratios (aORs) for UTI ranged from 1.34 for patients who underwent gastrointestinal surgery ( ) to 1.85 for patients who underwent cardiac surgery ( ); the aORs for death ranged from 1.25 for P ! .001 P ! .001 cardiac surgery ( ) to 1.48 for orthopedic surgery ( ) and for gastrointestinal surgery ( ). After controlling for patient P p .01 P p .002 P ! .001 characteristics, hospitalization in the northeastern or southern regions of the United States was associated with a lower likelihood of having an indwelling urinary catheter, compared with hospitalization in the western region ( vs ). P p .002 P p .03
conclusions. Extended postoperative use of indwelling urinary catheters is associated with poor outcomes for older patients. The likelihood of having an indwelling urinary catheter at the time of discharge after major surgery is strongly associated with a hospital's geographic region, which reflects a variation in practice that deserves further study. 2008; 29:116-124 Indwelling urinary catheters are widely used as part of perioperative care to address associated perioperative voiding dysfunction. 1, 2 The benefits of indwelling catheters do not clearly justify their current level of use, however, given the substantial risk of nosocomial urinary tract infection (UTI) that accrues in direct relationship to the duration of catheterization-the risk increases by 5%-10% per catheter-day beyond the first 48 hours of catheterization. 3, 4 The consequences of nosocomial UTI include prolonged length of stay (LOS), bacteremia, prosthetic joint-associated infection, and death. 2, 5 In addition to the associated risk of infection, indwelling catheters may dangerously limit patient mobility. 6 To date, there is limited research on perioperative bladder management, despite its relevance for nearly all patients who undergo major surgery. Most investigation has concerned patients who underwent orthopedic surgeries in single institutions and has examined outcomes in the immediate postoperative period. 2, [7] [8] [9] In our previous work, however, we demonstrated an association between extended use of indwelling urinary catheters and poor outcomes in a national sample of patients who had undergone surgery for hip fractures, and we found that indwelling catheter use varies among hospitals in different regions of the country; it was also found to vary depending on whether a hospital was in an urban location and whether a hospital had a teaching affiliation. 10 We define "extended" catheter use as the continued presence of an indwelling urinary catheter at the time of discharge from acute care.
Infect Control Hosp Epidemiol
Given the results above, our objectives in the present study are to expand on our previous work by (1) exploring the relationship between the extended used of indwelling urinary catheters and outcomes for older patients who have under-gone cardiac, vascular, gastrointestinal, or orthopedic surgery and been discharged to skilled nursing facilities; and, (2) describing the patient and hospital characteristics associated with the extended use of indwelling urinary catheters among this population.
methods

Sample
The study population comprised all Medicare patients aged 65 years or more who were admitted to skilled nursing facilities after discharge from and acute care hospital with a primary diagnosis code of major cardiac, vascular, gastrointestinal, or orthopedic surgery between January Patients less than 65 years of age, patients who had already been admitted to a skilled nursing facility or rehabilitation facility after one of the procedures of interest in the same calendar year, and patients whose records were missing information on the presence of a urinary catheter were excluded from analysis.
Data Sources
The Data Analysis PRO Skilled Nursing Facility National Stay File, version 4.0 (DataPRO), was used to obtain information about patients' demographic and clinical characteristics, the index hospitalization, and the skilled nursing facility stay.
11
The DataPRO file contained linked hospital stay claims, skilled nursing facility claims, the Minimum Data Set (MDS), and the Medicare Online Survey, Certification, and Reporting database in a single record for each patient admitted to a skilled nursing facility in the year 2001 (
). The N p 1,816,126 MDS is a component of the federally mandated, periodic, comprehensive clinical assessment of residents of nursing facilities. 12 The construction of the DataPRO file is described in detail elsewhere. 11 Information about hospitals was obtained from the 2001 Healthcare Cost and Utilization Project Nationwide Inpatient Sample. 13 The Nationwide Inpatient Sample is a discharge data set containing data on all patients discharged from a representative sample of 20% of hospitals from 33 participating states. The DataPRO file was linked to the 986 sampled hospitals by use of the American Hospital Association and Medicare hospital identification numbers by means of a "crosswalk" file provided by the American Hospital Association.
Variables
Outcomes. The patient-specific outcomes of rehospitalization for UTI and/or mortality, within 30 days after admission to a skilled nursing facility were determined on the basis of the DataPRO file. Rehospitalization for UTI was defined by ICD9-CM codes 590.0-590.9, 601.0-601.9, 595.0-595.4, 595.89, 595.9, 597.0, 598.0, and/or 599.0 listed as the primary diagnosis for a qualifying rehospitalization claim within 30 days after of admission to a skilled nursing facility. Mortality was determined from the Medicare Enrollment Database.
Presence of a catheter. Urinary catheterization at the time of admission to a skilled nursing facility was determined from the 5-day MDS assessment item H.3.d, which is the first assessment for Medicare skilled nursing facility stays. Section H addresses resident continence. Item H.3.d consists of a check box to indicate the presence of an indwelling catheter, which is distinguished from other urinary appliances such as external (ie, "condom") catheters and intermittent catheters.
Covariates. Outcome models were adjusted for patientlevel and skilled nursing facility-level independent risk factors. Patient-level independent risk factors included the following: patient demographic characteristics (ie, age, sex, and race), hospital LOS, comorbid conditions (ie, dementia, heart failure, chronic respiratory condition, stroke, cancer, and/or hypertension), in-hospital complications (ie, delirium, UTI, coma, and/or pressure ulcer), and diagnoses justifying extended use of an indwelling urinary catheter (ie, urinary retention; bladder outlet obstruction; quadri-, para-, or hemiparesis; multiple sclerosis; other neurogenic bladder condition; and prostate disease). Diagnoses justifying extended use of an indwelling urinary catheter were determined on the basis of clinical considerations guided by published guidelines that consider complicated urinary retention to be the major indication for extended use of indwelling catheters.
14 Overall comorbidity was measured by the CharlsonDeyo index. 15 Also included was information about the patient's postoperative functional status (obtained from the admission MDS at the skilled nursing facility), which was determined on the basis of 5 individual measures of activities of daily living, 16 as well as by the modified Barthel index, which is a composite measure of function obtained by summing the scores for activities of daily living. 17 The modified Barthel index is scored from 0 to 90, with higher numbers indicating higher levels of function. Finally, postoperative cognitive function at the time of admission MDS assessment was determined by use of the cognitive performance scale score. The cognitive performance scale is a validated measure derived from 5 individual measures on the MDS that reflect cognitive function. It is scored from 0 to 6; higher numbers indicate poorer cognition. 18 For the model of rehospitalization for UTI, several additional covariates were included in the predictive models on the basis of previous work (Appendix, Table A) 19, 20 : marital status, renal failure, musculoskeletal disease, dysphagia, presence of a feeding tube, need for assistance with eating, whether the patient was restricted to bed, and presence of a do-not-resuscitate order. The overall rehospitalization rate for patients in each skilled nursing facility, generated from the 2001 DataPRO file, was also included in the model of rehospitalization for UTI, because this rate varies with skilled nursing facility characteristics. 21, 22 In addition, for each surgical group, major surgical procedures and several additional covariates (Appendix, Table A) were included in the predictive models on the basis of a review of the literature. [23] [24] [25] [26] [27] [28] [29] Hospital characteristics entered into the model included size, urban location, geographic region, teaching status, and ownership. Geographic regions were the Northeast, South, West, and Midwest; the Midwest served as the reference category. Ownership categories were government, not-for-profit, and for-profit; the for-profit hospitals served as the reference category.
Analysis
Bivariate comparisons of patient characteristics were conducted for patients with and without indwelling urinary catheters at the time of admission to a skilled nursing facility. The Fisher exact test was used for categorical variables and the Wilcoxon rank sum test was used for continuous variables.
Outcomes. We used logistic regression to evaluate the association between the presence of a catheter and 30-day outcomes (rehospitalization for UTI and death) for each of the 4 surgical groups, controlling for patient characteristics. The choice of independent variables from the patient-level risk factors was made on the basis of clinical hypotheses and informed by prior work. 10, 30 Variable reduction was done on the basis of the significance of each variable in the model, as well as to minimize multicollinearity in the models. The final set of covariates for each of the 8 models appears in the Appendix. The fit of the model for each outcome was assessed by evaluating the area under the receiver-operating characteristic curve (or C statistic), for which a value of 1.0 is ideal, whereas a value of 0.5 is no better than chance. 31 Model for catheter presence. To account for the clustering of observations in hospitals, a hierarchical random effects model was used to predict the risk of having an indwelling urinary catheter for an extended postoperative period for all surgical patients, controlling for the characteristics of the patient, surgical procedure, and hospital. This model was estimated using the subset of surgical patients who had been discharged to a skilled nursing facility from 1 of the 538 hospitals for which Nationwide Inpatient Sample data were identifiable. The choice of independent variables from patient-level and hospital-level risk factors was made on the basis of clinical hypotheses. The number of variables was reduced on the basis of variable contribution to the model and to minimize multicollinearity in the model. Two skilled nursing facility measures were also included in this model (the number of days before admission MDS assessment for each patient; and the ratio of patients observed to be discharged to the community within 30 days to patients expected to be discharged to the community within 30 days, for all patients admitted to each skilled nursing facility 32 ) because these measures might be related to the chance that the skilled nursing facility would remove the catheter prior to administration of the MDS assessment.
The goodness of fit of this model was assessed by 2 measures. First, the scaled deviance adjusted for degrees of freedom was calculated; desirable values were near 1. Second, a pseudo-multivariate coefficient of determination (pseudo-R 2 ) was calculated by comparing the log likelihood of the full model to the log likelihood of an intercept-only model. Statistical analyses were performed with SAS, version 8.02 (SAS Institute).
results
Patient Characteristics
There were 170,791 patients who met the inclusion criteria for the study, after we excluded those whose records were missing data on the presence of a urinary catheter (12,805 [6.6%] ). The group of postoperative patients discharged to skilled nursing facilities following cardiac, vascular, gastrointestinal, and orthopedic surgery yielded 4 distinct patient populations (Table 1 ). Orthopedic surgery patients had the best overall health status, the shortest hospital LOS, and the lowest mortality and rehospitalization rates. Vascular surgery patients had the worst overall health status and the highest mortality and rehospitalization rates.
A total of 39,282 (23.0%) of all postoperative patients discharged to skilled nursing facilities had urinary catheters at the time of admission to the nursing facility. The catheterization rate at the time of nursing facility admission varied from 18.8% (4,690 patients) among cardiac surgery patients to 28.5% (8,241) among vascular surgery patients and 28.5% (7,379) gastrointestinal surgery patients. Table 2 presents the results of the logistic regression models for the 2 outcomes in each of the 4 surgical categories. After adjustment for patient characteristics, the analysis shows that . The fit of the logistic regression P ! .001 models for each outcome was good, with C statistics ranging from 0.69 to 0.76 for rehospitalization for UTI and from 0.78 to 0.88 for mortality.
Outcomes
Hospital Characteristics
Data on hospital characteristics were obtained from the 986 hospitals in the 2001 Healthcare Cost and Utilization Project Nationwide Inpatient Sample data set that could be identified with an American Hospital Association number ( ) n p 687 and which had a postoperative patient of interest discharged to a skilled nursing facility during 2001 ( ). The den p 541 scriptive characteristics of these 541 hospitals are shown in Table 3 . The study hospitals were large, with an average of 206 staffed beds. The majority were urban (68%) and operated under not-for-profit ownership (72%). Twenty-one percent were teaching hospitals. Study hospitals were evenly distributed across the 4 geographic regions. Table 4 presents the results of the hierarchical random effects model that used patient and hospital characteristics to predict the risk of a patient having an indwelling urinary catheter at the time of admission to a skilled nursing facility. The model was estimated using data on the subset of 29,719 cardiac, vascular, gastrointestinal, and orthopedic surgery patients who were admitted to 1 of the 541 hospitals for which Nationwide Inpatient Sample data were identifiable (level 1 [patient-level] effects, 29,719; level 2 [hospital-level] effects, 541). The sign of the coefficient reflects the direction of, and the size of the coefficient reflects the magnitude of, the association between the covariate and the outcome. The patient characteristics of congestive heart failure, diabetes, a diagnosis that justified catheterization, a pressure ulcer, dependence in toileting, and a cognitive performance scale score reflecting worse cognitive function all had a statistically significant positive association with the extended use of an indwelling urinary catheter. A Barthel score indicating worse physical function and a greater number of days at the skilled nursing facility prior to MDS assessment had a statistically significant negative association with the extended use of an indwelling urinary catheter. LOS demonstrated a U-shaped association with the extended use of an indwelling urinary catheter: both a short LOS (3 days) and a long LOS (14 days or longer) were associated with having an indwelling catheter ( and P p .06 ). P p .003
Characteristics Associated With Extended Catheterization
After accounting for patient characteristics, the hospital's geographic region was strongly predictive of the extended use of an indwelling urinary catheter for patients discharged to a skilled nursing facility after major surgery: hospitalization in the Northeast or South was associated with a significantly lower likelihood of having an indwelling urinary catheter, compared with hospitalization in the West ( vs P ! .002 ). The surgical service in which a patient underwent P p .03 surgery was not associated with extended indwelling urinary catheterization. The scaled deviance of the model was 1.01. The pseudo-R 2 was 0.12.
discussion
Adverse outcomes or injuries stemming from the processes of health care are considered threats to patient safety. 33 Certainly, the overuse of Foley catheters is a patient safety problem according to this definition, given the known risk of UTI when urinary catheterization extends beyond 48 hours. In this study, we replicated the association between indwelling catheters and UTI in a national sample of surgical patients who underwent extended postoperative catheterization (aORs ranged from 1. 34 P ! .001 observed association is consistent with data suggesting that 15% of patients with nosocomial UTI will develop bacteremic UTI, a known risk factor for death in older patients. 5 Despite our exhaustive risk adjustment, we cannot exclude unmeasured confounding as a source of the observed associations. Nonetheless, all of the associations are large and statistically significant for each population studied and consistent with our previous findings in patients with hip fractures.
Although extended use of an indwelling urinary catheter puts patients at risk for adverse outcomes, it is unknown whether reductions in duration of catheterization can be achieved. Our data suggest, however, that extended use of an indwelling urinary catheter is not only associated with patient characteristics but also with characteristics of the surgical hospitalization (LOS and the geographic region of the hospital in which surgery was performed). Thus, variation in postoperative catheter use may reflect practice differences that contribute to poor outcomes. Furthermore, these practices may be amenable to interventions to decrease variation in the duration of catheterization, resulting in a reduced incidence of postoperative catheter-associated UTI and improved surgical outcomes for older patients. Significantly, this investigation identified a strong association between a hospital's geographic region and the extended use of indwelling urinary catheters in postoperative patients after major surgery, and this association mirrored the geographic variation we have described for patients with hip fractures. 10 Specifically, hospitalization in the Northeast and South resulted in a lower likelihood of extended catheterization, compared with hospitalization in the West. This finding is consistent with regional variations in the use of many healthcare services by the Medicare population, which have been variously attributed to patient demographic characteristics, regional practice styles, local regulations, and the availability of technologies and facilities. 34, 35 The stable, longstanding differences in hospital LOS among the US geographic regions are one well-known example of such variation. 36 It is also interesting to note that, after risk adjustment for patient characteristics and hospital LOS, the surgical service in which a patient underwent surgery was not predictive of extended use of an indwelling urinary catheter. This finding suggests that the assessment of the performance of this process of care might be done at the hospital level and not for each surgical service.
This study has several limitations. First, its observational nature prevents us from concluding that extended catheter use is a cause of excess deaths. In particular, our risk adjustment cannot account for unmeasured patient characteristics associated with catheterization that may confound the observed relationship between catheter use and death. In addition, the impact of skilled nursing facility practices may be incompletely represented in the models, despite our attempts to include it.
Second, the results of our study may not be generalizable to all surgical patients, primarily because of referral bias regarding the site of postacute care. The subset of patients referred to skilled nursing facilities is likely to be sicker and have worse functional status than the population of all surgical patients. The degree to which this is the case may vary with surgical service. Among skilled nursing facility patients, the distinct characteristics of the 4 postoperative populations reflect both the differential use of subacute rehabilitation and underlying differences in surgical populations. For instance, elective orthopedic surgery patients are more representative of the ambulatory elderly population than the sicker vascular surgery patient population. In addition, subacute rehabilitation following orthopedic surgery is a standard option for many elective orthopedic patients. Accordingly, the mean hospital LOS prior to skilled nursing facility admission was 4.9 days for these patients, similar to the mean hospital LOS for patients who underwent hip and/or knee replacement procedures in 2000. 37 Third, as a result of the use of the Healthcare Cost and Utilization Project Nationwide Inpatient Sample to obtain hospital-level information, the conclusions of this study about hospital practice are based on a small subset of hospitals that may differ significantly from the group of all US hospitals. Consequently, the generalizability of our results to all hospitals, particularly smaller ones, is limited.
Finally, we inferred that catheterization status and the functional and cognitive measures obtained from the 5-day MDS assessment reflected the patient's status at the time of transition from the hospital to a skilled nursing facility. As there may have been variability in the timing of the MDS assessment at the skilled nursing facility, we used a "days to MDS assessment" covariate to adjust for this factor for each patient. In addition, this administrative data set is limited by the accuracy of and reliability of the coding reported by the various institutions.
Despite these limitations, the strong association between the extended postoperative use of an indwelling urinary catheterization and both mortality and 30-day rehospitalization for UTI, as well as the marked regional variation in use, is cause for concern. Future work should confirm this variation in practice, determine why this variation exists, and design interventions to reduce excess postoperative indwelling catheter-days.
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